Background Laparoscopic surgery for rectal cancer has been considered more demanding than laparoscopic colectomy due to its technical difficulties. Objective The aim of this study was to show safety and feasibility of laparoscopic low anterior resection for lower rectal cancer reconstructed by double-stapling technique (DST). Methods The present study reviewed 159 patients with rectal cancer undergoing laparoscopic anterior resection reconstructed by DST. They were subdivided into two groups: 98 patients with upper rectal cancer located between 75 and 150 mm from the anal verge (group A) and 61 with lower rectal cancer located within 75 mm from the anal verge (group B). Short-term results and pathological findings were compared between the two groups. Results There was no conversion in both groups. Operating time and intraoperative blood loss were similar in the two groups. No mortality occurred in either group. Overall morbidity rate was 10.2% in group A and 11.5% in group B (p = 0.798). Anastomotic leak rate was similar in the two groups (2.0% in group A versus 3.3% in group B; p = 0.638). Pathological examination of resected specimen showed no involvement of distal resection margin or circumferential resection margin in both groups.
Some recent studies have shown that laparoscopic surgery for rectal cancer can be performed safely with adequate oncological outcomes [1] [2] [3] [4] [5] [6] [7] ; however, there are still concerns about its technical difficulties, as shown by its high conversion rate [8, 9] . Particularly, a higher rate of conversion and morbidity in male patients with a stapled anastomosis was reported [10] . Meanwhile, incidence of anastomotic leakage after anterior resection has been reported to be higher for lower rectal cancer than for upper rectal cancer in open surgery [11] [12] [13] . However, there have been few studies comparing laparoscopic anterior resection for lower rectal cancer with that for upper rectal cancer. The present study compared the short-term and pathological results of laparoscopic anterior resection with doublestapling technique (DST) for lower rectal cancer with those for upper rectal cancer, and aimed to demonstrate the feasibility of laparoscopy-assisted surgery for the treatment of lower rectal cancer.
Patients and methods
The indications for laparoscopy-assisted surgery for rectal cancer in our hospital (Cancer Institute Hospital, Tokyo, Japan) are: tumor less than 6 cm in diameter, lack of lymph node metastasis at the root of tumor supplying artery, lack H. Kuroyanagi (&) Á T. Akiyoshi Á M. Oya Á Y. Fujimoto Á M. Ueno Á T. Yamaguchi Á T. Muto Gastroenterological Center, Department of Gastroenterological Surgery, Cancer Institute Hospital, Japanese Foundation for Cancer Research, 3-10-6 Ariake, Koto-ku, Tokyo 135-8550, Japan e-mail: hiroya.kuroyanagi@jfcr.or.jp of lateral lymph node metastasis, lack of invasion to adjacent organs, and absence of bowel obstruction. Also, patients scheduled for concomitant resection of simultaneous hepatic metastasis are not eligible for laparoscopic surgery. Preoperative staging consisted of physical examination, colonoscopy, abdominopelvic computed tomography, and pelvic magnetic resonance imaging.
Of 320 patients who underwent resection for primary rectal cancer between July 2005 and January 2008, laparoscopic resection was performed in 205 cases (laparoscopy ratio: 64%). Abdominal perineal resection was performed in 14 cases out of the 205 (6.8%). The present study reviewed 159 patients, out of the 205, reconstructed by double-stapling technique (DST) anastomosis for rectal cancer located within 150 mm from the anal verge. They were subdivided into two groups: 98 patients with upper rectal cancer located between 75 and 150 mm from the anal verge (group A) and 61 with lower rectal cancer located within 75 mm from the anal verge (group B); we compared the surgical results and postoperative courses between the two groups. Distance of the tumor from the anal verge was measured using colonoscopy, all performed by the referring gastroenterologist. Patients with hand-sutured per annum anastomosis for low rectal cancer were excluded from this study.
Pathological examination was carried out according to the general rules of the Japanese Research Society for Cancer of the Colon and Rectum [14] .
Statistical analysis
Comparisons of variables between the groups were made using the Fisher's exact test, chi-squared test, and MannWhitney U-test as appropriate. Analysis was performed with SPSS software (SPSS Inc., Chicago, IL) and a p value of 0.05 or below was considered to be significant.
Results

Patient characteristics
Patient characteristics are shown in Table 1 . Patients' sex, age and body mass index (BMI) were similar in the two groups. Tumor was located from the anal verge at a median distance of 110 mm (range 8-150 mm) in group A versus 60 mm (range 30-75 mm) in group B. Tumor diameter size was significantly larger in group A (p = 0.0026). Neoadjuvant chemoradiation was performed in three of group B and none of group A.
All cases were pathologically confirmed as adenocarcinoma, with no significant difference in type of differentiation between the groups. Incidence of lymph node metastasis was similar between group A and group B [27 cases (27.6%) versus 17 cases (27.9%), respectively]. Regarding depth of tumor invasion, there was a significant difference between the groups (p = 0.0054), with more T3 lesions in group A and more T1 lesions in group B. Thus, the distribution of tumor-node-metastasis (TNM) stage was significantly different between the two groups (p = 0.0015); stage II disease was more frequent in group A and stage I in group B. We employed one of two methods for rectal transection, a laparoscopic method or a prolapsing method. In the former, the rectum is transected intracorporeally using an endostapler without small laparotomy; in the later, the rectum is extracted inside out (prolapsed) through the anus and then transected by using instruments for open surgery. In 95% of our series, rectal transection was performed by a laparoscopic method. A prolapsing method was employed significantly more frequent in group B than in group A (p = 0.0054).
The number of cartridges used for rectal transection was between one and three. Transection was completed with a single cartridge in all cases using a prolapsing method. There was no significant difference in the distribution of numbers of cartridge required between the groups.
A diverting ileostomy was performed in two cases (2.0%) in group A versus 16 (26.2%) in group B, a significant difference (p \ 0.0001). The abdominal drainage tube was inserted more frequently in group B than in group A with a significant difference [42 cases (68.9%) versus 51 cases (52.0%); p = 0.0469].
Pathological examination of the resected specimen showed no involvement of distal resection margin and circumferential resection margin in all of both groups.
Postoperative course
Postoperative data are presented in Table 3 . Operative and in-hospital mortality did not occur in either group. Median duration of postoperative hospital stay was significantly longer in group B (p \ 0.0001). No significant difference was noted in the incidences of postoperative complications between the two groups. Among the complications, anastomotic leakage was found in two cases (2.0%) in group A versus two (3.3%) in group B, none of which led to peritonitis, but the two cases in group B developed rectovaginal fistula and required temporary ileostomy. None of group A required additional operation, but four of group B (7.7%) significantly needed further operation, including two cases of temporary ileostomy for anastomotic leakage, one of laparoscopic omentoplasty for perforation of duodenal ulcer, and one for port-site hernia. [15] [16] [17] [18] . However, laparoscopic surgery for rectal cancer has yet to be widely accepted, mainly because of technical difficulties in performing rectal dissection, rectal transection, and anastomosis in the narrow pelvic cavity. Rectal dissection in the incorrect plane may lead to cancerpositive circumferential resection margin, which might be associated with increased risk of local recurrence in the future. Also, problems with rectal transection and anastomosis would cause anastomotic leakage and consequently impair patient postoperative quality of life. However, we believe that the clear and magnified image obtained by laparoscope can be a great advantage for rectal cancer surgery which requires dissection in the deep and narrow pelvic cavity; therefore, we have aggressively adopted laparoscopic total mesorectal excision (TME) for rectal cancer measuring less than 6 cm in diameter without invasion to other organs and lateral lymph node metastasis. Concerning conversion rate, none of either groups were converted to open in our study. However, recent studies have reported 2.6-34% conversion rate [4, 9] . We consider the main reason for our low conversion rate to be good patient selection. The Conventional versus LaparoscopicAssisted Surgery in patients with Colorectal Cancer (CLASICC) study showed that the most common reason for conversion was excessive tumor fixity [9] . We were able to exclude such difficult cases from laparoscopic surgery with accurate evaluation of tumor conditions by preoperative imaging diagnosis.
In addition, a well-experienced surgeon, whose learning curve for laparoscopy-assisted colectomy had already reached its plateau, performed or supervised all operations of this study. This made it possible to perform correct dissection based on the accurate understanding of surgical anatomy, as well as safe transection and anastomosis using standardized technique [19] . These circumstances also helped us achieve 0% conversion rate for both groups in this study.
When compared with upper rectal cancer, laparoscopic surgery for lower rectal cancer was expected to have longer operating time since it requires more elaborate technique to perform deeper dissection; however, similar operating time was shown between the two groups in the present study, comparable to in other studies [4, 6, 8] . This may be because the mesorectal division required in surgery for upper rectal tumor was as time consuming as the perirectal dissection into the pelvic floor for lower rectal tumor. The amount of intraoperative blood loss was very small in both groups, with no significant difference between them. Although we should take into consideration the fact that there is a selection bias in this study since tumors in the upper rectum were larger and more advanced than those in the lower rectum, these findings showed the technical feasibility of laparoscopic surgery for lower rectal cancer.
There was no postoperative mortality, and the overall morbidity rate was 10.2% in group A and 11.5% in group B (p = 0.798). There was also no significant difference in incidence of anastomotic leakage between group A and group B (2.0% versus 3.3%, respectively). These results were more favorable than in other studies [1, 6, 8] . The fact that the patients were thin, not radiated, and were operated on by very experienced laparoscopic surgeons would have contributed to our low leakage rate. Anastomotic leakage occurred only in the cases without temporary ileostomy, although it remains a matter of debate as to whether or not a temporary ileostomy would contribute to prevention of anastomotic leakage [20] [21] [22] [23] . In this study, we decided to make a temporary ileostomy for the following reasons: patient preference after informed consent (n = 10), preoperative chemoradiation therapy (n = 3), extensive surgery including pelvic lymph node dissection (n = 2), previous prostatectomy (n = 1), incomplete anastomotic donuts (n = 1), and severe diabetes mellitus (n = 1). Consequently, a temporary ileostomy was created significantly more frequently for group B (26%) than for group A (2%).
Rectal transection is usually performed laparoscopically except for in the prolapsing method. The number of cartridges required for transection was no more than three, and there was no difference in the usage ratio of cartridges between group A and group B. This indicated that our standardized technique for rectal transection [19] , in which the rectum is mobilized distally enough to make the transection line perpendicular to the rectum, is useful for lower rectal lesions as well. It was predicted that multiple firings could cause anastomotic leakage [24] , but this occurred only in the cases using two cartridges, not in those with one or three. If rectal transection is performed at a right angle to the rectum with the smallest possible number of cartridges, the number of cartridges used would not affect the incidence of anastomotic leakage. We have also employed the prolapsing method mainly for small-diameter early cancer. This method has the advantage that it facilitates rectal irrigation and rectal transection under direct vision. However, it requires the transection of the colon and mesocolon on the oral side of the specimen laparoscopically before prolapsing, which might cause inappropriate oral resection margin and insufficient lymph node dissection. If indicated for an appropriate case, a prolapsing method is considered an effective option for rectal transection, although it is unlikely to be applicable to the average Western patient with a very thick mesentery and narrow pelvis.
Pathological examinations of the resected specimens showed that distal resection margin and circumferential resection margin were not positive in any of the patients. This showed that our series of laparoscopic surgery were completed appropriately from the oncological perspective as well. Both precise preoperative tumor evaluation and our accurate dissection technique were crucial to achieve cancer-free margin. We have not evaluated the recurrence of the present patients yet, since the follow-up period is still not long enough; this will be the subject of future investigation.
Conclusion
The present study shows that laparoscopic surgery is safe and feasible for lower rectal cancer in a very select group of patients, if performed using the appropriate dissection technique based on accurate understanding of surgical anatomy and standardized technique for rectal transection and anastomosis.
